The essential oils of four plant species from Nigeria have been extracted by hydrodistillation and analyzed by GC and GC-MS. The oils of Cajanus cajan were comprised of sesquiterpenes (92.5%, 81.2% and 94.3% respectively in the leaves, stem and seeds). The major compounds identified were α-himachalene (9.0-11.5%), β-himachalene (8.0-11.0%), γ-himachalene (6.9-8.1%), α-humulene (7.1-8.7%) and α-copaene (4.5-5.6%). However, monoterpenoid compounds (81.8%) dominated the oil of Moringa oleifera with an abundance of α-phellandrene (25.2%) and p-cymene (24.9%). On the other hand, aldehydes (52.8%) occurred in the highest amount in Heliotropium indicum, represented by phenylacetaldehyde (22.2%), (E)-2-nonenal (8.3%) and (E, Z)-2-nonadienal (6.1%), with a significant quantity of hexahydrofarnesylacetone (8.4%). The leaf and stem oils of Bidens pilosa were dominated by sesquiterpenes (82.3% and 59.3%, respectively). The main compounds in the leaf oil were caryophyllene oxide (37.0%), β-caryophyllene (10.5%) and humulene oxide (6.0%), while the stem oils had an abundance of hexahydrofarnesyl acetone (13.4%), δ-cadinene (12.0%) and caryophyllene oxide (11.0%). The observed chemical patterns differ considerably from previous investigations.
The essential oils of four plant species from Nigeria have been extracted by hydrodistillation and analyzed by GC and GC-MS. The oils of Cajanus cajan were comprised of sesquiterpenes (92.5%, 81.2% and 94.3% respectively in the leaves, stem and seeds). The major compounds identified were α-himachalene (9.0-11.5%), β-himachalene (8.0-11.0%), γ-himachalene (6.9-8.1%), α-humulene (7.1-8.7%) and α-copaene (4.5-5.6%). However, monoterpenoid compounds (81.8%) dominated the oil of Moringa oleifera with an abundance of α-phellandrene (25.2%) and p-cymene (24.9%). On the other hand, aldehydes (52.8%) occurred in the highest amount in Heliotropium indicum, represented by phenylacetaldehyde (22.2%), (E)-2-nonenal (8.3%) and (E, Z)-2-nonadienal (6.1%), with a significant quantity of hexahydrofarnesylacetone (8.4%). The leaf and stem oils of Bidens pilosa were dominated by sesquiterpenes (82.3% and 59.3%, respectively). The main compounds in the leaf oil were caryophyllene oxide (37.0%), β-caryophyllene (10.5%) and humulene oxide (6.0%), while the stem oils had an abundance of hexahydrofarnesyl acetone (13.4%), δ-cadinene (12.0%) and caryophyllene oxide (11.0%). The observed chemical patterns differ considerably from previous investigations.
Keywords: Cajanus cajan, Moringa oleifera, Heliotropium indicum, Bidens pilosa, himachalene, α-phellandrene, ρ-cymene, phenyacetaldehyde, caryophyllene oxide, β-caryophyllene, hexahydrofarnesyl acetone, δ-cadinene.
We have embarked on the systematic characterization of the constituents of Nigerian medicinal plants and herbs as they are made available. In this paper we report on the constituents identified from the essential oils of Cajanus cajan, Moringa oleifera, Heliotropium indicum, and Bidens pilosa, which is part of our extensive research program aimed at the identification of constituents of Nigerian medicinal plants and herbs [1] . Literature information is scanty on the oil compositions of these studied plants.
Pigeon pea, C. cajan is one of the most important tropical legumes in the world. Extracts and compounds of the plant have shown potential as hypocholesterolemic [2a] H. indicum is widespread in tropical areas of the world. It is commonly referred to as Ogbe Akuko (Hens head) in Nigeria and has been useful A total of 100 compounds were identified from the studied oils of C. cajan, 59 of which are common to all of them. These compounds represent 94.0%, 92.2% and 95.5% of the oils from the leaves, stem bark and seeds, respectively. The oils were obtained in yields of 0.1% v/w on a dry weight basis. Table 1 gives the percentage of each constituent, while Table  2 represents the classes of compounds making up the oils. Apart from the ubiquitous terpenoids, aldehydes, ketones, alcohols and esters were also present. The sesquiterpene hydrocarbons were dominant in all the oil samples. The major compounds in this class were α-himachalene (9.0-11.5%), β-himachalene (8.0-11.0%), γ-himachalene (6.9-8.1%), α-humulene (7.1-8.7%) and α-copaene (4.5-5.6%). The oxygenated counterpart had trans-nerolidol (2.1-3.5%), longiborneol (3.4-4.4%) and himachalol (2.6-3.2%) in significant amounts. In addition, some compounds, such as himachalene oxide, ar-himachalene-2-ol, β-and himachalene oxide, that are biosynthetically Comparing the present study with previous ones, acoradiene and eremophilene, described earlier, are conspicuously absent in our oil sample and the content of selinenes is not significant.
Sixty-three constituents, representing 92.1% of the total, were identified in M. oleifera oil ( Table 3 ). The oil (yield 0.3%,v/w, based on dry weight) was highly dominated by monoterpenoid compounds (81.8%; 72.4% of hydrocarbons and 9.4% of oxygenated derivatives), while the sesquiterpenoid counterparts were less common (10.3%). The major constituents were α-phellandrene (25.2%) and p-cymene (24.9%). There were significant quantities of α-pinene (6.7%), myrcene (4.8%), limonene (4.1%) and linalool (3.7%), while δ-cadinene (3.6%) and trans-γcadinene (1.5%) were the only sesquiterpenes observed above 1% of the total. A previous report [9] on the seed oil of M. oleifera led to the characterization of a number of sterols such as β-sitosterol, stigmasterol and campesterol, in addition to α-, γand δ-tocopherols. The only report on the essential oil constituents recorded the hydrocarbons pentacosane (17.4%) and hexacosane (11.2%) [10] . In this report, terpenoid compounds were less common while the aromatic compounds were more pronounced in quantity. Neither pentacosane nor hexacosane could be detected in our oil sample. In addition, ours lacked both the aromatic and hydrocarbon compounds, but consisted exclusively of terpenoid compounds, in contrast with the previous study. There seems to be no correlation between any of the constituents in this study and the previous ones. 1%) . Except for the presence of linalool, borneol and tricosane, the present oil sample differed greatly from the literature report [11] . Phytol and 1-dodecanol, which constituted the bulk of the The chemical profile of each of the 49 constituents of the leaf and stem oils of B. pilosa revealed the abundance of sesquiterpene compounds ( Table 5 ). The oils were obtained in yields of 0.2 and 0.1% v/w, respectively. The quantitatively significant constituents of the leaf oil were caryophyllene oxide (37.0%), β-caryophyllene (10.5%), humulene oxide (6.0%) and germacrene D (5.5%). Hexahydrofarnesyl acetone (13.4%), δ-cadinene (12.0%) and caryophyllene oxide (11.0%) were the main compounds in the stem oil. The authors have encountered only three literature reports on the oil constituents of this plant. The leaf and flower oils of Japanese origin [12] consisted mainly of βcaryophyllene (5.1-10.5%) and τ-cadinene (6.13-7.8%). Five sesquiterpenes namely E-caryophyllene, germacrene D, α-humulene, bicyclogermacrene and α-muurolene were present in high amounts in the sample, as well as in those of Brazilian B. subalternans and B. alba [13] . The polyacetylene phenylhepta-1,3,5-triyne dominated the oil of B. alba from Brazil [13] , as well as the studied species from Cameroon [14] . Phenylhepta-1, 3,5-triyne, α-muurolene and τ-cadinene were not identified in the present oil.
